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3-(4-((tert-Butyldimethylsilyl)oxy)butyl)cyclohex-2-enone (7b). A solution of alcohol 7a (0.70 g, 4.2 mmol) in CH 2 Cl 2 (20 mL) was treated with imidazole (0.57 g, 8.34 mmol) at 0 °C followed by addition of TBSCl (0.68 g, 4.59 mmol) at the same temperature. The reaction mixture was allowed to warm to room temperature and stirred for 1 h before it was quenched with water (50 mL). The aqueous layer was extracted with diethyl ether (3 × 20 mL). The combined organic layers were washed with water (50 mL), saturated NaCl solution (50 mL), dried over MgSO 4 , filtered and concentrated in vacuo. The residue was purified by flash chromatography (petroleum ether/EtOAc 4:1) to give enone 7b (1.04 g, 89%) as a colorless oil. R f = 0.51 (petroleum ether/EtOAc, 4:1); 1 H-NMR (400 MHz, CDCl 3 ):
[ppm] = 0.03 (s, 6H, Si(CH 3 ) 2 ), 0.88 (s, 9H, SiC(CH 3 ) 3 ), 1.49-1.61 (m, 4H, 2 × 2'-H, 2 × 3'-H), 1.97 (ddd, J = 12.8, 6.3, 6 .3 Hz, 2H, 2 × 5-H), 2.22 (dd, J = 6.9, 6.9 Hz, 2H, 2 × 1'-H), 2.27 (dd, J = 5.9, 5.9, Hz, 2H, 2 × 4-H), 2.35 (dd, J = 7.3, 7.3 Hz, 2H, 2 × 6-H), 3.61 (dd, J = 5.9, 5.9 Hz, 2H, 2 × 4'-H), 5.86 (br. s, 1H, 2-H); 13 C-NMR (100 MHz, CDCl 3 ):
[ppm] = -5.3 (Si(CH 3 ) 2 ), 18.3 (SiC(CH 3 ) 3 ), 22.7 (C-5), 23.3 (C-2'), 25.9 (SiC(CH 3 ) 3 ), 29.6 (C-3'), 32.3 (C-4), 37.4 (C-6), 37.8 (C-1'), 62.6 (C-4'), 125.7 (C-2), 166.5 (C-3), 200.0 (C-1).
Methyl (1R,2S,4S)-1-(4-((tert-butyldimethylsilyl)oxy)butyl)-5-oxobicyclo[2.2.2]octane-2-carboxylate (9a).
A solution of enone 7b (1.0 g, 3.55 mmol) in hexane (5 mL) was added dropwise to a stirred solution of LiHMDS (1M in THF, 4.6 mL, 4.60 mmol) in hexane (6 mL) at -78 °C. The resulting mixture was stirred for 30 min before it was treated with methyl acrylate (0.64 mL, 7.10 mmol) at the same temperature. The cooling bath was removed, then the reaction mixture was allowed to warm to room temperature and stirred for additional 1 h before it was quenched with saturated NH 4 Cl solution (10 mL). The aqueous layer was diluted with water (50 mL) and extracted with diethyl ether (3 × 20 mL). The combined organic layers were washed with water (50 mL), saturated NaCl solution (50 mL), dried over MgSO 4 , filtered and concentrated in vacuo. The residue was purified by flash chromatography (petroleum ether/EtOAc 9:1) to give ketoester 9a (1.3 g, 100%) as a colorless oil. (CH 3 ) 3 ), 27.9 (C-3), 29.9 (C-7), 33.1 (C-3'), 37.4 (C-1'), 38.7 (C-1), 41.8 (C-4), 44.0 (C-2), 45.0 (C-6), 51.7 (OCH 3 ), 62.4 (C-4'), 175.4 (ester), 215.2 (C-5).
Methyl (1R,2S,4R)-1-(4-hydroxybutyl)bicyclo[2.2.2]octane-2-carboxylate (9b)
. TBAF·3H 2 O (2.95 g, 9.35 mmol) was added in one portion to a stirred solution of ester 9a (3.11 g, 8.50 mmol) in THF (100 mL) at room temperature. The resulting solution was stirred for 1 h before it was quenched with water (100 mL) and extracted with diethyl ether (3 × 50 mL). The combined organic layers were washed with saturated NaCl solution (50 mL), dried over MgSO 4 , filtered, and concentrated in vacuo. The residue was purified by flash chromatography (petroleum ether/EtOAc 1:2) to give alcohol 9b (1.37 g, 64%) as a colorless oil. R f = 0.27 (petroleum ether/EtOAc 2:1); 1 H NMR (400 MHz, CDCl 3 ):
[ppm] = 1.19-1.26 (m, 9H, 2 × 1'-H, 2 × 2'-H, 2 × 3'-H, 2 × 7-H, OH), 1.74-1.87 (m, 2H, 8-H), 1.96 (dd, J = 18.8, 1.6 Hz, 1H, 6-H), 2.03 (app dd, J = 8.5, 2.9 Hz, 2H, 2 × 3-H), 2.32 (ddd, J = 6.0, 2.9, 2.9 Hz, 1H, 4-H), 2.63 (dd, J = 19.0, 3.2 Hz, 1H, 6-H), 2.70 (ddd, J = 8.5, 8.5, 1.8 Hz, 1H, 2-H), 3.62 (dd, J = 6.3, 6.3 Hz, 2H, 2 × 4'-H), 3.67 (s, 3H, OCH 3 ); 13 C NMR (100 MHz, CDCl 3 ): [ppm] = 19.5 (C-2'), 23.0 (C-8), 27.9 (C-3), 29.9 (C-7), 33.1 (C-3'), 37.4 (C-1'), 38.7 (C-1), 41.8 (C-4), 44.0 (C-2), 45.0 (C-6), 51.7 (OCH 3 ), 62.4 (C-4'), 175. 
Methyl (1S,2S,4S)-5-oxo-1-(4'-((tetrahydro-2H-pyran-2-yl)oxy)butyl)bicyclo[2.2.2]octane-2-carboxylate (9c).
A solution of nBuLi in hexane (2.5M, 133 mL, 0.332 mol) was added dropwise to a stirred solution of bis(trimethylsilyl)amine (55.7 g, 0.346 mol) in a hexane/THF mixture (2:3, 500 mL) at -78 °C. The resulting mixture was allowed to warm to room temperature and stirred for 30 min. and then again cooled to -78 °C. Then, a solution of enone 7c (33.6 g, 0.133 mol) in hexane (40 mL) was added dropwise during a 30 min period. Stirring was continued for additional 30 min followed by dropwise addition of methyl acrylate (30 mL, 0.33 mol) at the same temperature. The reaction was allowed to warm to room temperature, and treated with half-saturated NH 4 Cl solution 4 (100 mL).
The organic phase was separated and the aqueous phase extracted with diethyl ether (3 × 100 mL). The combined organic layers were washed with saturated NaCl solution (100 mL), dried over MgSO 4 , filtered, and concentrated in vacuo. The residue was purified by flash chromatography (petroleum ether/EtOAc 
Methyl (1S,2S,4S)-1-(4'-hydroxybutyl)-5-oxobicyclo[2.2.2]octane-2-carboxylate (9b).
Aqueous HCl (3M, 70 mL) was added to a stirred solution of ester 9c (30.6 g, 0.091 mol) in THF (200 mL) at room temperature. The mixture was stirred for 12 h at this temperature, treated with water (100 mL) and diethyl ether (100 mL). The organic phase was separated and the aqueous phase was extracted with diethyl ether (3 × 50 mL).The combined organic layers were washed with saturated NaCl solution (100 mL), dried over MgSO 4 , filtered, and concentrated in vacuo. The residue was purified by flash chromatography (petroleum ether/EtOAc, 1:1) to give alcohol 9b (22.1 g, 96%) as a colorless oil. R f = 0.20 (petroleum ether/EtOAc 1:1); for NMR and HRMS data see S4.
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Methyl (1S,2S,4S)-5-oxo-1-(4'-oxobutyl)bicyclo[2.2.2]octane-2-carboxylate (6).
Dess-Martin reagent (44.2 g, 0.104 mol) was added in one portion to a stirred solution of alcohol 9b (24.1 g, 0.095 mol) in CH 2 Cl 2 (300 mL) at 0 °C. The mixture was allowed to warm to room temperature and stirred for 5 h before it was treated with saturated Na 2 S 2 O 3 solution (30 mL) and stirred for additional 15 min. The resulting mixture was extracted with saturated NaHCO 3 solution (100 mL). The organic phase was separated and the aqueous phase extracted with CH 2 Cl 2 (3 × 50 mL). The combined organic layers were washed with saturated NaCl solution (100 mL), dried over MgSO 4 , filtered, and concentrated in vacuo. The residue was purified by flash chromatography (petroleum ether/EtOAc, 4:1 to 1:1) to give aldehyde 6 (19.6 g, 82%) as a colorless oil. R f = 0.40 (petroleum ether/ Methyl (2S,4S,4aR)-1-oxo-2,3,4,5,6,7-hexahydro-1H-2,4a-ethanonaphthalene-4-carboxylate (10). K 2 CO 3 (37.8 g, 0.274 mol) was added in one portion to a stirred solution of aldehyde 6 (23.0 g, 0.091 mol) in methanol (300 mL) at room temperature. The mixture was stirred for 5 h at the same temperature, before it was treated with water (200 mL) and diethyl ether (100 mL). The organic phase was separated and the aqueous phase was extracted with diethyl ether (3 × 100 mL). The combined organic layers were washed with saturated NaCl solution (2 × 100 mL), dried over MgSO 4 , filtered, and concentrated in vacuo. Methyl (2S,4S,4aS)-7-bromo-1-oxo-2,3,4,5,6,7-hexahydro-1H-2,4a-ethanonaphthalene-4-carboxylate (11). AIBN (10 mg) was added to a stirred solution of enone 10 (800 mg, 3.45 mmol) and NBS (610 mg, 3.45 mmol) in CCl 4 (10 mL) at room temperature. The resulting mixture was stirred under reflux for 1 h before it was treated with water (50 mL) and diethyl ether (20 mL). The organic phase was separated and the aqueous phase was extracted with diethyl ether (3 × 20 mL). The combined organic layers were extracted with saturated NaCl solution (2 × 20 mL), dried over MgSO 4 , filtered, and concentrated in vacuo. The residue was purified by flash chromatography (petroleum ether/EtOAc, 4:1) to give diastereomeric mixture of bromides 11 (1:1, 900 mg, 84%) as a colorless oil. Methyl (2S,4S,4aS)-7-acetoxy-1-oxo-2,3,4,5,6,7-hexahydro-1H-2,4a-ethanonaphthalene-4-carboxylate (12). A solution of bromide 11 (700 mg, 2.25 mmol) in glacial acetic acid (10 mL) was treated with silver acetate (750 mg, 4.50 mmol) at room temperature. The resulting mixture was stirred for 2 h before it was diluted with diethyl ether (50 mL), quenched with water (100 mL) and extracted with diethyl ether (3 × 50 mL). The combined organic layers were washed with saturated NaCl solution (2 × 50 mL), dried over MgSO 4 , filtered, and concentrated in vacuo. The residue was purified by flash chromatography (petroleum ether/EtOAc, 2:1) to give acetate 12 (604 mg, 92%) as a colorless oil (one stereoisomer). R f = 0.62 (petroleum ether/EtOAc 1:1); 1 H NMR (400 MHz, CDCl 3 ):
[ppm] = 1.34-2.15 (m, 10H, 2 × 3-H, 2 × 5-H, 2 × 6-H, 2 × 9-H, 2 × 10-H), 2.03 (s, 3H, OCOCH 3 ), 2.47 (ddd, J = 5.8, 2.9, 2.9 Hz, 1H, 2-H), 2.67 (dd, J = 10.4, 5. 
Methyl (2S,4S,4aS)-1,7-dioxo-2,3,4,5,6,7-hexahydro-1H-2,4a-ethanonaphthalene-4-carboxylate (14)
. Dess-Martin reagent (260 mg, 0.62 mol) was added in one portion to a stirred solution of alcohol 13 (140 mg, 0.056 mol) in CH 2 Cl 2 (10 mL) at room temperature. The mixture was stirred for 2 h before it was treated with saturated Na 2 S 2 O 3 solution (5 mL) and stirred for additional 15 min. The resulting mixture was extracted with saturated NaHCO 3 solution (10 mL). The organic phase was separated and the aqueous phase was extracted with CH 2 Cl 2 (3 × 10 mL). The combined organic layers were washed with saturated NaCl solution (10 mL), dried over MgSO 4 , filtered, and concentrated in vacuo. 7 Diazomethane was prepared from nitrosomethylurea (6.0 g, 0.058 mol) and aqueous KOH (60%, 75 g, 0.804 mol) according to: (a) Arndt, F. Org. Synth. 1935, 15, 3; Org. Synth., Coll. Vol. 1943, 2, 165. (b) de Boer, T. J.; Backer, H. J. Org. Synth. 1956, 36, 16; Org. Synth., Coll. Vol. 4, 1963, 250. 
Methyl (2S,4S,4aS,8S
)-8-allyl-1-(allyloxy)-8-methyl-7-oxo-3,4,5,6,7,8-hexahydro-2H-2,4a-ethanonaphthalene-4-carboxylate (15). Lithium (60 mg, 8.82 mmol) was added in small portions to stirred liquid ammonia (10 mL) at -78 °C. The resulting blue solution was stirred for 1 h before it was treated with a solution of diketone 5 (50 mg, 0.19 mmol) in THF (4 mL). After complete addition stirring was continued for 2 h at the same temperature. Then, allyl bromide (1.6 mL, 18.90 mmol) was added dropwise at -78 °C and the mixture stirred for 30 min before the cooling bath was removed and the ammonia was allowed to evaporate. The resulting white suspension was diluted with water (20 mL) and extracted with diethyl ether (3 × 10 mL). The combined organic layers were washed with saturated NaCl solution (20 mL), dried over MgSO 4 , filtered, and concentrated in vacuo. 
